Background: Picky eating behaviour in young children is a common concern for parents. 2 Objective: To investigate early life factors which are associated with a child becoming a picky 3 eater. 4 Design: Singleton children from the Avon Longitudinal Study of Parents and Children were 5 studied prospectively (n=5758-6608). Parental-completion questionnaires were used to define 6 'picky eating' status at age 3 years, and child and parental feeding behaviours and practices 7 throughout the first 2 years of life. Multinomial logistic regression models with 3 levels of picky 8 eating (not, somewhat and very picky) as the dependant variables tested associations with 9 antecedent variables, from pregnancy, and the first and second year of life, separately, then 10 combining all significant variables in a final model.
Introduction 30
Picky eating is characterised by an unwillingness to eat familiar foods or to try new foods, as children is a cause for concern for many parents and may have important consequences for 48 nutrition and health-related outcomes in the child (de Barse, et al., 2015; Wright, Parkinson, M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 10 were a score of ≥9 for anxiety and ≥13 for depression. The mother was also asked if she had ever 142 had anorexia nervosa or bulimia (yes/no). 143 The sex and birth weight of the child (grouped as ≤2500, 2501-3000, 3001-3500, 3501-4000, 144 >4000 g) were obtained from medical records. Statistical analysis was carried out with SPSS v23 (IBM Corp.) on singletons only. 148 The complementary feeding and child behaviour variables listed in table 1 were each tested in 149 univariate analysis and found to be associated with 'picky eating' status (p <0.001). They were 150 therefore used in the multinomial logistic regression models, below. A flow diagram of 151 participants and numbers available for each model is given in Supplemental figure 1. 152 A minimally adjusted regression model with the three levels of picky eating as the dependent 153 variables included demographic and perinatal variables (age and education status of the mother, 154 parity, sex of the child and birth weight (grouped)) as confounders, and was the basis for all the 155 other models at three life stages. Maternal anxiety and depressive symptoms at each age 156 measured were added separately to the minimally adjusted regression models to test if they M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 11 of anxiety and depressive symptoms in pregnancy, and either dietary pattern scores in pregnancy 163 (Model 1a) or intake of fruits, vegetables, meat/fish and sweet foods (Model 1b). Model 2 164 assessed factors occurring in the first year of life: weak sucking, choking, slow feeding, taking 165 small quantities and difficulty to feed at 4 weeks, duration of breastfeeding, age of introduction 166 to solid foods, choking, refusal of solid foods, intake of commercial baby foods, raw fruit and 167 fresh vegetables, difficulty feeding at 6 months and age at introduction of lumpy foods, maternal 168 symptoms of anxiety and depression at 8 weeks and 8 months postpartum. Model 3 assessed 169 factors in the second year of life: difficulty in feeding, worries over child refusing food or being 170 choosy with food or not eating enough at 15 months, maternal symptoms of anxiety and 171 depression at 21 months postpartum, intakes of commercial baby foods or family foods (meat, 172 fruit and vegetables) at 15 months (Model 3a), then including the child eating the same meal as 173 mother and the child eating ready-prepared foods (Model 3b). 174 The models were then combined in a final model to determine independent influences on the 175 likelihood of a child being a picky eater at age 3 years. The final model included the basic 176 demographic and perinatal variables from the minimal model plus all variables that were 177 significant at p≤0.05 in the previous models.
178

Results
179
The minimally adjusted regression model accounted for 1.8% of the variation in whether the 180 child was perceived as a picky eater at 38 months. Birthweight, parity and maternal education 181 were associated with the child being a very picky eater; children who were first born or had a 182 mother with a degree were positively associated; those with a high birthweight (≤4000g) were 183 negatively associated (Table S1) The addition to the minimal model of maternal anxiety and depressive symptoms at two time 186 points in pregnancy increased the variance explained slightly to 2.3%. Further adjustment for 187 other variables in pregnancy (Table 2) increased the variance explained to 2.9% (Model 1a). The 188 mother being overweight pre-pregnancy, her anxiety symptoms at 18 weeks, but not at 32 weeks 189 of pregnancy, and high scores on a traditional or confectionery dietary pattern at 32 weeks were 190 associated with picky eating status in Model 1a (Table 2 ). There were no associations with the 191 other three dietary patterns. If mothers had many symptoms of anxiety the children were 47% 192 more likely to be very picky eaters or if mothers had high scores on a 'confectionery' dietary 193 pattern 29% more likely, while if mothers were overweight or had high scores on a 'traditional' 194 dietary pattern very picky eating was less likely in the children. Underweight mothers were more 195 likely to have a somewhat picky child and high scores on the 'processed' pattern were associated 196 with a 21% increase in the likelihood of the child being somewhat picky. The mother ever having 197 depressive symptoms, or anorexia nervosa or bulimia, was not related to her child being a picky 198 eater. When maternal food group intake was assessed in model 1b instead of the dietary patterns 199 the only food group associated with picky eating status was sweet foods, where the highest 200 intake quartile was predictive of the child being a very (OR 1.35 (CI 1.09, 1.67), p=0.006) or 201 somewhat (OR 1.33 (CI 1.44, 1.56), p<0.001) picky eater. There were no associations with 202 meat/fish, fruit or vegetable intake quartiles.
203
First year 204
The minimally adjusted model with the addition of variables from the first year of life (Model 2) 205 explained 6.7% of the variance in picky eating status ( Table 3) . As shown in table 1, it should be
noted that almost all infants were introduced to solid foods by 4 months of age as recommended 207 in the UK in the 1990s. The strongest predictor of the child being a very picky eater at 38 months 208 was the late introduction of lumpy foods to the infant (81% more likely), followed by the child 209 having refused solids before 6 months (63%), the child being fed on demand (44%), the mother 210 indicating that she had found the infant difficult to feed by 6 months (33%) and the child 211 showing signs of choking by 4 weeks was weakly associated. Both the child having weak 212 sucking by 4 weeks and being introduced to lumpy food before 6 months were weakly 213 protective. The mother having high levels of anxiety symptoms at 8 weeks postpartum was 214 weakly associated with very picky eating being 43% more likely; there was no association with 215 anxiety symptoms at 8 months postpartum. The child being a very picky eater was not associated 216 with maternal depressive symptoms at 8 weeks or 8 months postpartum, breastfeeding duration, 217 the age of introduction of solids or the feeding of baby foods, fresh vegetables or raw fruit at 6 218 months. There were, however, some associations with the child being somewhat picky (Table 3) : 219 not being breastfed and regularly eating vegetables at 6 months of age were weakly negatively 220 associated.
221
Second year 222 In model 3a the variables from the second year of life were added to the minimal model and the M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 14 mothers gave them mostly ready prepared meals at 15 months were twice as likely as those who 230 did not to be very picky. Furthermore, the child and the mother mostly or sometimes eating the 231 same meal at 15 months was protective against picky eating and if the child ate raw fruit at 15 232 months this was also associated with less likelihood of being a very picky eater at 38 months. By 233 far the strongest predictor was the child being choosy about food at 15 months; if the mother was 234 greatly worried about this choosiness the child was 6 times more likely to be a very picky eater at 235 38 months than a non-choosy child would be, whereas if the mother indicated that the child was 236 choosy but this did not worry her the child was 3 times more likely to be a very picky eater later.
237
If the mother was greatly worried about the child refusing foods this was also associated with 238 very picky eating, being 3 times more likely at 38 months than if the child did not refuse food.
239
Associations with somewhat picky eating in model 3b were largely similar but slightly weaker 240 than those with very picky eating.
241
Combined analysis 242 The final combined regression model was tested using the same minimal adjustments and 243 retaining breastfeeding duration and variables from each of the previous models that had been 244 associated with the outcome at p≤0.05. The variation in picky eating status explained by this 245 model was 21.5% ( Table 5 ). The associations with the background variables ( Supplementary   246 Table 2) were very similar to those in the minimal model except that being first born was no 247 longer associated with being very picky whereas being a boy increased the likelihood by 33% (p 248 = 0.001). Of the pregnancy variables, there were no independent associations with very picky 249 eating. However, the mother being underweight in pregnancy was weakly independently 250 associated with the child being somewhat picky as was being in the highest quartile of either the 251 processed or confectionery maternal dietary pattern. In the first year, late introduction of lumps M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 15 remained predictive of a child being very picky (43% more likely), but there was no strong 253 evidence for other independent associations. In the second year, choosiness at 15 months was a 254 very strong predictor of the child being a very picky eater at 38 months and this was enhanced by 255 the mother indicating that this worried her (7 times more likely if the mother was worried about 256 choosiness but only 3 times more likely if she was not worried). It is noteworthy that a choosy 257 child at 15 months was twice as likely to be somewhat picky at 38 months whether the mother 258 was worried or not. Likewise, refusal of foods at 15 months was strongly associated with picky 259 eating status if the mother was worried about it (3 times more likely), and slightly less so if she 260 was not worried. Other variables which were independently predictive were overall difficulty to 261 feed at 15 months (80%) and always fed on demand at that age (44%). The mother mostly using 262 ready-prepared food for the child's main meal was associated with being 2½ times more likely to 263 be very picky at 38 months. The child eating raw fruit and the mother mostly or sometimes 264 feeding the child the same main meal as herself were associated with less picky eating at the later 265 age.
266
There were some weak associations of maternal anxiety or depressive symptoms at some time 267 points with picky eating status (tables 2 & 3), but there were no independent associations in the 268 final model.
269
Following the choosy child from 15 months to 3 years of age 270 Figure 1 follows the children from age 15 to 38 months and shows that being thought to be 271 choosy is very common at 15 months of age (56%) but that this does not always lead to later 272 picky eating behaviour. Only 17% of choosy children at 15 months whose mothers were not This study has investigated many of the recognised recommendations for complementary feeding 278 in relation to parentally perceived picky eating. We found that in adjusted models, maternal and 279 child factors in the second year of life, particularly maternal worry about feeding, were strongly 280 associated with the child being perceived as a picky eater at 3 years of age with 21.5% of the 281 variance explained by the model. Factors in pregnancy and over the first year of life were mostly 282 not independently associated. The likelihood of a child being very picky at 3 years old was much 283 higher if their mother was worried by their choosiness or refusal of foods in the second year of 284 life. There was no evidence that longer duration of breastfeeding was independently associated 285 with later picky eating. We have identified strategies and time points at which interventions are 286 likely to be most effective in reducing the incidence of picky eating in children. These include: 287 providing foods that help the child to learn to chew from 6 months or even before, and before 10 288 months of age; supporting mothers through the second year of life when children have a natural 289 tendency to be wary of new foods; providing fresh fruit for the child, the mother often eating the 290 same meal as the child and avoiding feeding ready-prepared baby foods.
291
A few other studies have investigated infant feeding as an antecedent to picky eating in young 292 children, but most have only limited detail of how and what the infants were fed obtained 293 retrospectively thus subject to recall bias. Children enrolled in the Generation R (n=4779) study 294 who were introduced to vegetables between 4 and 5 months had a lower food fussiness score at 4 295 years of age than those introduced after 6 months, and there were no meaningful associations 296 with breastfeeding duration or the introduction of fruit or solids in general (de Barse, et al.,
). There findings are similar to those in to our present study. Shim, Kim, Mathai, and Strong 298 Kids Research Team (2011) found that exclusive breast feeding for 6 months and introducing 299 solids after 6 months were protective against food neophobia and lack of food variety in 2-3- 300 year-old children. However, they had a small number of participants (n=129) and were unable to 301 assess separately children who always or sometimes showed these behaviours -an important 302 differentiation in our study. We do not have comparable data from ALSPAC relating to 303 introducing complementary foods at or after 6 months of age because almost all infants were 304 introduced to solids at or before 4 months as recommended in the UK in the 1990s. There was no 305 evidence that in this setting a very early age at introduction of solids was associated with 306 occurrence of picky eating later. Furthermore, exclusive breast feeding to 6 months was not the 307 recommended practice in the UK in the 1990s and we found no association of breastfeeding with 308 being in the very picky group in our study. In the UK in the most up-to-date Infant Feeding 309 Survey of 2010 only 23% of infants were exclusively breastfed at 6 weeks and 1% at 6 months of 310 age; furthermore, solids had been introduced to 30% of infants by 4 months and 75% by 5 311 months of age (NHS Digital, 2012) . This suggests that findings relating to the feeding practices 312 prevalent in the 1990s are likely to continue to be relevant and the results from Generation R in 313 the early 2000s support this . The Feeding Infants and Toddlers Study 314 (FITS) (van der Horst, Deming, Lesniauskas, Carr, & Reidy, 2016) is comparable with ALSPAC 315 in assessing somewhat picky eaters separately from very picky eaters; information on breast 316 feeding, but not complementary feeding was available and percentages of both somewhat and 317 very picky eaters were higher compared with not picky when the child had never been breast fed.
318
In contrast, in ALSPAC never-breast-fed children were less likely to be somewhat picky at 38 319 months and there was no association in very picky children (Table 3 ). It seems likely that once
other feeding behaviours and practices are taken into consideration breast feeding is not a strong 321 determinant of a child becoming a picky eater.
322
Some studies have investigated the texture of foods in relation to picky eating status but these 323 have been cross-sectional studies not assessing specifically the timing of introduction of textures.
324
The FITS study (van der Horst, et al., 2016) found that both somewhat picky and very picky 325 children were much more likely to resist or refuse certain food textures. In ALSPAC we have 326 been able to take this a stage further back by showing that the age at which lumpy foods were 327 introduced was independently associated with the child being either somewhat or very picky at a 328 later age, suggesting that the introduction of lumps before 10 months of age is important (Le 329 Reverend, Edelson, & Loret, 2014) . In a randomised trial of modified baby-led weaning (BLISS 330 trial), where infants are encouraged to feed themselves with pieces of food from 6 months 331 onwards, the intervention group showed less food fussiness than the controls at 12 months (R. 332 W. Taylor, et al., 2017) , confirming our findings.
333
Questions covering refusal to eat food and not eating enough food have been combined and used 334 to define picky or fussy eating status in some studies (Cardona Cano, et al., 2015; Machado, 335 Dias, Lima, Campos, & Goncalves, 2016): in ALSPAC these were covered in the questionnaire 336 completed when the child was 15 months old and incorporated in model 3 (table 4) . Refusal to 337 eat but not eating too little was independently associated with the child being somewhat picky or 338 very picky at 38 months by our definition based on the child having definite likes and dislikes; 339 thus, it seems that different definitions identify groups of children with slightly different 340 characteristics as picky eaters. The FITS study used a similar definition of picky eating to that in 341 ALSPAC based on a single question to parents (van der Horst, et al., 2016) ; furthermore, they 342 asked if the child resisted new foods and found that this was much more likely in both somewhat
and very picky than not picky children. The child not eating enough was not assessed in the FITS 344 study. ALSPAC questioned a further aspect of these behaviours, namely whether the mother 345 found the behaviour worrying. The odds of the child being very picky at a later age were 346 strengthened if the mother was worried about the child refusing food. 347 The child being choosy with food at 15 months showed the strongest association with the child of the child being somewhat picky at 38 months compared with the choosy child whose mother 356 was not worried about it. It is possible that the mothers with a greater degree of worry had children 357 with a greater propensity to choosiness for genetic or other reasons and that this accounts for their later 358 picky eating behaviour. However, in a further analysis of this data we have shown that the mothers had 359 greater odds of being either greatly or a bit worried if the child was first born, difficult to feed or refused 360 solids by 6 months of age and there were no significant differences in associations with the antecedents 361 related to the degree of maternal worry (P. M. Emmett, Hays, & Taylor, 2018) . Both groups of worried 362 mothers were more likely to introduce lumps late. These findings suggest that the inexperience of the 363 mothers is an important factor. 364
Many studies have shown cross-sectionally that pressure to eat by a mother is associated with 365 food fussiness and it could be that worried mothers are more likely to apply pressure to eat.
Certainly, in a study by Gregory, Paxton, and Brozovic (2010) mothers concern about their child 367 being underweight was associated with using pressure to eat when feeding their child. Child 368 food fussiness was a predictor of the mother using pressure to eat (4% of the variance 369 explained), but mothers' concern about underweight was a much stronger predictor (15% 370 explained). The relationship between food fussiness or picky eating and pressure to eat is 371 becoming clearer: in a study of 16-month-old twin pairs discordant for food fussiness (Harris, 372 Fildes, Mallan, & Llewellyn, 2016) mothers used pressure to eat and food rewards more often 373 with the fussier twin, suggesting that parents respond to their children by tailoring their feeding 374 practices to the child's behaviour. Further evidence from Generation R found that preschool 375 fussy eating was independently associated with parental use of pressure to eat in 4-year-olds and 376 pressure to eat at 4 years was independently associated with more fussiness in the children when 377 age 6 years . The association between preschool fussy eating and parental 378 pressure to eat was stronger than that between pressure to eat and later fussy eating.
379
Parental anxiety and depression in pregnancy and during the child's early life has been 380 investigated in the Generation R study (de Barse, et al., 2016) : maternal anxiety and depression 381 measured by BSI scores in pregnancy and 3 years later were associated with higher scores for the 382 child on a fussy eating scale at 4 years. However, no account was taken of feeding behaviours 383 and practices in infancy and toddlerhood and anxiety and depression were assessed in separate 384 models. We used categorical variables rather than continuous scores for our analysis: although 385 we found associations of both anxiety and depressive symptoms with the child being picky in the 386 minimally adjusted model, very little of the variance was explained and these associations were presence of maternal depressive symptoms at 8 weeks postpartum was associated with the child 391 being somewhat picky later, but there were no other associations with depressive symptoms. Our 392 results suggest feeding practices and behaviours are much stronger determinants of picky eating 393 behaviour in children than maternal anxiety or depression. There were no strong independent 394 associations of maternal diet in pregnancy with picky eating at age 3 years although this may 395 have been due to imprecision inherant in dietary assessment using an FFQ. 396 We found that the types of foods consumed at 15 months (Table 4) were associated with later 397 picky eating status; the child eating fresh fruit and eating the same meal as the mother appeared 398 to be protective against later picky eating. The child being fed ready-prepared main meals, 399 especially baby foods, at 15 months tended to increase the likelihood of later picky eating. It has 400 long been recognised that parents can act as role models to their children by eating healthy foods 401 with them (Benton, 2004; Schwartz, et al., 2011) . These findings suggest that providing 402 relatively simple instructions to parents about eating the types of foods they wish their pre-school 403 child to eat at the same time as the child could help to mitigate the development of picky eating.
404
The advice should emphasise using a variety of home-prepared fresh foods and eating these 405 together as a family as often as possible. 406 We found that where the mothers indicated that the child was fed on demand at 15 months the 407 likelihood of picky eating was increased. We have been unable to find any other study that has 408 asked this question and as we did not define its meaning to the parents we are not sure how they 409 interpreted it. It may suggest that the child is more likely to be given foods between meals when 410 asking for something rather than the meals being planned or that the parents perhaps provide the perceive to be picky may delay giving lumpy foods); (7) a small proportion of the children who 430 were identified as picky eaters may have had, or have gone on to have, severe feeding 431 difficulties, which we were not able to identify and which could be a cause of maternal worry; 432 (8) there may be unmeasured confounding that we were unable to account for;
In conclusion, this study has identified modifiable feeding practices associated with later 'picky 434 eating' behaviour in young children and thus provides evidence on which to base advice and 435 support to parents designed to limit the development of this behaviour. Key points for parents 436 are to introduce lumpy foods to infants at 6 months and not later than 9 months of age, to use 437 fresh foods particularly fruit during the complementary feeding process, and to eat the same meal Associations with child eating characteristics and food intake. Appetite, 103, 286-293. Wright, C. M., Parkinson, K. N., Shipton, D., & Drewett, R. F. (2007) . How do toddler eating problems relate to their eating behavior, food preferences, and growth? Pediatrics, 120, e1069-1075. 
